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(54) Diversity radio receiver system with two tuners and a Radio Data System (RDS) decoder 
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(57) An RDS receiver having dual tuners (10,12) 
and dual antennas operates in two distinct modes, a di- 
versity mode and a non -diversity mode. Diversity mode 
is when both tuners (10,12) are tuned to a signal with 
the same program audio content and the audio from 
both tuners (10,12) is blended together in a manner to 
minimise the effects of multipath distortion. In non-diver- 
sity mode, a forcing circuit (23) isolates the tuner output 
signals so that one tuner provides the audio output while 
the other can be retuned to any other frequency for pur- 
poses of gathering RDS data. 



FM 
UPX1 



10 12 



19 



Tuner 2 



Control 
qrcurl 



23 



Forcing 
Graft 



K02 



SS2 



FM 

UPX2 




FM 

M?XUiX 



is 

I 



Swthing and 
CircutI 



Aodo 
Co relator 



Swilding 



RDS 
Oemodulattjr 



Left Right 



FIG. 1 



Printed by Jouve. 75001 PARIS (FH) 



1 



EP 0 967 746 A2 



2 



Description 

[0001] The present invention relates in general to 
RDS radios having dual tuners, and more specifically to 
a dual mode radio for operating in both a diversity and 
a non-diversity mode to minimise the effects of multipath 
distortion while maintaining efficient collection of RDS 
related information, including collecting signal quality 
data for RDS alternate frequencies. 
[0002] Space diversity radio receiver systems can be 
employed to reduce the effects of multipath distortion in 
mobile receivers. Multipath distortion is a localised ef- 
fect resulting from interaction between multiple signals 
from a single transmitter that have traversed different 
paths to reach a receiving antenna. By switching be- 
tween spaced antennas in a diversity radio receiver, 
specific multipath events can be avoided since the spac- 
ing of the antennas helps insure that not both of the an- 
tennas will experience the same multipath event at the 
same time. 

[0003] The prior art has also shown that separate tun- 
ers may be connected to each antenna and that the tun- 
er output signals can be combined to provide improved 
diversity reception. 

[0004] Separate tuners have also been employed in 
radio data system (RDS) receivers. In the case of RDS 
receivers, however, the tuners simultaneously receive 
at different frequencies. Standard RDS broadcasts 
transmit auxiliary digital data within the radio signal in 
order to achieve various automatic functions of the re- 
ceiver. The data transmitted on a sub-carrier includes 
alternate frequencies (AFs) at which the identical audio 
program can be heard. Thus, the receiver can automat- 
ically monitor AFs to determine whether a stronger or 
higher quality signal can be received by switching the 
tuner to a different frequency (e.g., as a vehicle moves 
relative to the broadcast transmitters), in an RDS receiv- 
er having just a single tuner, AFs can only be checked 
by briefly switching the tuner to an AF to detect its signal 
strength and then quickly returning to the original fre- 
quency before any detectable break is heard in the re- 
production of the original broadcast. In RDS receivers 
having a second tuner, the second tuner is dedicated to 
collecting information about AFs (i.e. , is not used for au- 
dio reproduction) and can monitor any alternate fre- 
quencies for as long as desired. 
[0005] Based on the AF information which is collected 
and stored in memory in the receiver, the tuner which is 
reproducing audio signals can be switched to the strong- 
est AF whenever the currently received signal becomes 
degraded. However, the response time required to de- 
tect signal degradation (such as a multipath event) and 
then to switch to an AF is too slow to prevent distortion 
from being heard. Thus, a dual tuner RDS radio system 
is needed which obtains RDS data gathering while pro- 
viding improved immunity to multipath distortion. 
[0006] The present invention provides a radio archi- 
tecture and method of operation wherein maximum 



RDS operational flexibility is achieved in order to opti- 
mise RDS performance while obtaining immunity to mul- 
tipath distortion using diversity reception. 
[0007] In a primary aspect of the invention, a radio re- 
5 ceiver for a mobile vehicle which is capable of receiving 
sub-carrier data from broadcasts containing such data 
operates in either a diversity mode or a non-diversity 
mode. A first tuner produces a first tuner output signal 
in response to a broadcast signal at a first selected 
10 broadcast frequency. A second tuner produces a sec- 
ond tuner output signal in response to a broadcast signal 
at a second selected broadcast frequency. A signal mix- 
er produces a mixed tuner output signal in response to 
the first and second tuner output signals. The signal mix- 
's er proportionally combines the tuner output signals 
when in the diversity mode according to relative meas- 
ures of signal quality. The signal mixer isolates a select- 
ed one of the tuner output signals from the mixed tuner 
output when in the non-diversity mode. A data demod- 
ulator is responsive to either the first tuner output signal, 
the second tuner output signal, or the mixed tuner output 
signal to recover the sub-carrier data. A control is cou- 
pled to the first and second tuners, the signal mixer, and 
the data demodulator and selects the diversity mode or 
the non-diversity mode in response to the signal quality. 
The control controls the first and second selected broad- 
cast frequencies such that 1) the first and second se- 
lected broadcast frequencies each provide a user se- 
lected program when in the diversity mode, or 2) the se- 
lected one of the first and second tuner signals is 
searched for alternate frequency information and the 
other one of the first and second tuner output signals 
provides the user selected program when in the non- 
diversity mode. 

[0008] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a block diagram showing the RDS diver- 
sity radio receiver of the present invention; 
Figure 2 is a flowchart showing the operation of the 
receiver of Figure 1 ; 

Figure 3 is a schematic diagram showing the forcing 
circuit of Figure 1 in greater detail; 
Figure 4 is a flowchart showing the detection of mul- 
tipath as performed by the controller of Figure 1 ; 
Figure 5 is a flowchart showing the detection of 
worsening reception conditions as performed by the 
controller of Figure 1 ; 

Figure 6 is a flowchart showing a method for select- 
ing which of the two tuners to use for scanning RDS 
alternate frequency signal quality and data; and 
Figure 7 is a flowchart showing a method for switch- 
ing a reception frequency from a current frequency 
to a new alternate frequency. 

[0009] The RDS radio receiver shown in Figure 1 op- 
erates in a diversity mode or in a non-diversity mode. In 
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diversity mode, a pair of tuners are each tuned to the 
same user program (i.e., tuned to the same frequency) 
and their outputs are combined according to their signal 
strengths and the detection of muttipath in order to min- 
imise the effects of multipath distortion. In non-diversity 
mode, an audio output is reproduced from one tuner 
while the other tuner is used for scanning alternate fre- 
quencies to detect their signal quality and other data. 
[0010] More specifically, the RDS diversity radio re- 
ceiver includes a first tuner 10 with an antenna input 11 
and a second tuner 1 2 with an antenna input 1 3. Anten- 
na inputs 11 and 13 are preferably connected to spaced 
antennas 14 and 15 which are separated by a distance 
sufficient to avoid simultaneous multipath conditions at 
each antenna. 

[001 1 J Tuners 1 0 and 1 2 are controlled by a microcon- 
troller 16 via a control bus 19. Tuner 10 generates an 
FM multiplex tuner output signal designated FM MPX 1 , 
a signal strength signal SS1 , and a noise detection sig- 
nal ND1. Tuner 12 generates a tuner output signal FM 
MPX 2, signal strength signal SS2, and noise detection 
signal ND2. Signals SS1, ND1 t SS2, and ND2, are all 
connected to a mix control circuit 17, microcontroller 1 6, 
and a switching and conditioning circuit 18. The FM 
MPX 1 signal from tuner 10 is provided through a volt- 
age-controlled amplifier 20 to one input of a summer 21 . 
The FM MPX 2 signal from tuner 12 is provided through 
a voltage-controlled amplifier 22 to a second input of 
summer 21. 

[0012] Mix control circuit 17 provides a pair of gain 
control signals G 1 and G 2 through a forcing circuit 23 to 
amplifiers 20 and 22, respectively. Forcing circuit 23 re- 
ceives a control signal from microcontroller 16 vis con- 
trol bus 19 to select between the diversity and nondi- 
versity modes as will described below. 
[0013] The output of summer 21 provides an FM MPX 
MIX signal to a stereo decoder 24 and to a switching 
circuit 25. The output from stereo decoder 24 provides 
left and right decoded stereo signals for reproduction. 
Switching circuit 25 also receives as inputs the multiplex 
signals FM MPX 1 and FM MPX 2 from tuners 10 and 
12. Switching circuit 25 receives a control signal from 
control bus 1 9 which selects between the FM MPX 1 , 
FM MPX 2 and FM MPX MIX signals for input to an RDS 
demodulator 26. RDS data recovered by demodulator 
26 is provided to microcontroller 16. 
[0014] Tuner output signals FM MPX 1 and FM MPX 
2 are also provided to an audio correlator 27 which de- 
termines whether the audio content is identical on the 
two tuner output signals. Based on a comparison of the 
two signals, correlator 27 provides an indicating signal 
to microcontroller 16 to identify whether the audio con- 
tent is the same. 

[0015] In operation, the radio receiver of Figure 1 op- 
erates in either a diversity mode or a non-diversity mode 
under control of microcontroller 16. When in diversity 
mode, tuners 10 and 12 are preferably tuned to the 
same frequency to receive the same user selected pro- 
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gram from both antennas 1 4 and 1 5 so that the received 
signals can be combined in a manner which avoids mul- 
tipath distortion. As described in co-pending application 
serial number (198-0140), which is incorporated herein 
5 by reference, mix control circuit 1 7 is responsive to mul- 
tipath conditions to provide gain control signals G 1 and 
G 2 to mix the relative contribution of the tuner output 
signals to the final mixed tuner output signal so that the 
proportion of each individual output signal in the mixed 
10 signal is inversely proportional to the likelihood of mul- 
tipath in that signal. Thus, tuners 10 and 12 each gen- 
erate a respective signal strength (SS) signal and a re- 
spective noise detection (ND) signal. The noise detec- 
tion signal may be derived, for example, by bandpass 
'5 filtering the demodulated tuner output signal with a 
bandpass from about 100 kHz to about 500 kHz (which 
measures noise and distortion from multipath and other 
noise sources). Gain control signal G 1 as supplied to 
amplifier 20 tends to increase with increased signal 
strength SS1 in tuner 10 and tends to decrease with in- 
creasing noise content ND1 . Likewise, gain control sig- 
nal G 2 increases with increasing signal strength SS2 
from tuner 1 2 and decreases with increasing noise con- 
tent ND2. When in the diversity mode, forcing circuit 23 
directly passes gain control signals G 1 and G 2 from mix 
control circuit 17 to amplifiers 20 and 22. 
[0016] Also when in diversity mode, switching circuit 

25 selects the combined output from summer 21 (i.e., 
the FM MPX MIX signal) for input into RDS modulator 

26 to assure the best quality signal for recovering RDS 
data for the user selected program. 
[0017] When microcontroller 16 determines that the 
receiver should be in non-diversity mode, the elements 
of Figure 1 are reconfigured so that one selected tuner 
is used to search for predetermined alternate frequency 
information in the RDS signal (e.g., determining the 
quality of each available AF or detecting RDS data at 
each AF) and the other tuner is used to reproduce the 
user selected program. In non-diversity mode, micro- 
controller 1 6 configures forcing circuit 23 in a way which 
forces one of amplifiers 20 or 22 to have a maximum 
gain and the other amplifier to have a minimum gain. 
Thus, the tuner which is selected as the RDS tuner can 
then be retuned to any other frequency in order to gather 
RDS data or signal strength or other information at al- 
ternate frequencies without this action affecting the au- 
dio quality of the other tuner providing the audio output 
of the receiver. Also while in non-diversity mode, micro- 
controller 16 configures switching circuit 25 to couple 
the selected tuner output to RDS demodulator 26. The 
selection of which tuner to use as the RDS alternate fre- 
quency tuner can be arbitrary or may be done according 
to an optimised method such as the one discussed be- 
low in connection with Figure 6. 
[001 8] Switching and conditioning circuit 1 8 operates 
in a conventional manner to introduce high -cut and ster- 
eo blend in stereo decoder 24 in response to signal 
strength SS and noise detection ND in tuners 10 and 



EP 0 967 746 A2 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 967 746 A2 



6 



1 2. This helps eliminate any residual multipart) distortion 
during diversity mode and improves signal reproduction 
during any multipath events that occur during non-diver- 
sity mode. 

[0019] A preferred method for co-ordinating receiver 
operation between diversity and non-diversity modes is 
shown in Figure 2. The method begins at block 30 when 
the radio receiver is either turned on or when it is man- 
ually retuned to a new frequency by the user. In step 31 , 
a check is made to determine whether RDS data is 
present within the currently tuned-in broadcast. If no 
RDS data is present, then the tuner enters diversity 
mode in step 40. If the station being listened is not an 
RDS broadcast, then the receiver can spend full time in 
diversity mode. 

[0020] If RDS data is present in step 31 , then the re- 
ceiver initially enters non-diversity mode in step 32. 
While in non-diversity mode, microcontroller 16 gathers 
RDS data at the selected broadcast frequency including 
alternate frequencies carrying the same broadcast au- 
dio program. Signal quality of the AFs is collected and 
stored in memory based on signal strength and noise 
detection at each AF in step 33. After signal quality is 
gathered for all the AFs, a check is made in step 34 to 
determine whether the manually selected or current fre- 
quency is the best (i.e., strongest) one to receive. If not, 
then a switch is made to that best AF in step 35. 
[0021] In step 36 (while still in non-diversity mode), a 
check is made to determine whether a multipath event 
is present by examining signal strength and noise de- 
tection signals. If a multipath event is detected in step 
36, then the receiver enters diversity mode in step 40. 
If no multipath event is detected, then additional lower 
priority RDS data may be collected and/or monitored in 
step 37. In step 38, a check is made to determine wheth- 
er all possible RDS data has been gathered. If not, then 
a return is made to step 36. Otherwise, the receiver en- 
ters diversity mode in step 40. Thus, under good signal 
conditions (indicated by the tuner SS and ND signals), 
the receiver can spend as much time as necessary gath- 
ering RDS data. 

[0022] After entering diversity mode in step 40, the re- 
ceiver checks for worsening reception quality in step 41 . 
At the point where reception quality worsens to an un- 
acceptable level, a return is made to step 31 which al- 
lows the receiver to re-enter non-diversity mode if RDS 
data is present, thereby allowing a search to be conduct- 
ed for a better signal at an alternate frequency. If recep- 
tion quality has not worsened in step 41 , then a check 
is made in step 42 to determine whether a predeter- 
mined period of time has passed (e.g., several minutes) 
in which reception quality of alternate frequencies may 
have changed and the memory of the receiver should 
be updated. If the predetermined delay has not expired, 
then a return is made to step 41 and the receiver re- 
mains in diversity mode. If the predetermined delay has 
passed, then a return is made to step 31. 
[0023] Figure 3 shows forcing circuit 23 in greater de- 



tail. A pair of multiplexers 45 and 46 receive gain control 
signals G 1 and G 2 , respectively, from mix control circuit 
17. A maximum gain signal G max and a minimum gain 
control signal G^ are provided to additional multiplexer 
s inputs as shown. The outputs of multiplexers 45 and 46 
provide modified gain control signals G^ and G' 2 as de- 
termined by control signals from microcontroller 16. 
Thus, either gain control signals G 1 and G 2 are passed 
unchanged, or G 1 is forced to maximum gain while G 2 
is forced to minimum or no gain, or Gj is forced to min- 
imum gain while G 2 is forced to maximum gain depend- 
ing upon the control signals. 

[0024] Figure 4 shows one embodiment for detecting 
multipath in step 36 of Figure 2. In step 50, signal 
strength SS (from the tuner being used to provide the 
audio reproduction) is compared with a predetermined 
signal strength threshold. If instantaneous signal 
strength falls below this threshold, then a multipath 
event is detected. Otherwise, a check is made in step 
51 to determine whether the noise detection signal indi- 
cates an amount of noise present greater than a prede- 
termined noise threshold. If the threshold is exceeded 
then multipath is present, otherwise there is no multipath 
event taking place. Many other ways are known in the 
art for detecting a multipath event and any may be ac- 
ceptable for purposes of this invention. 
[0025] Figure 5 shows one embodiment of a method 
for detecting worsening reception quality as used in step 
41 of Figure 2. Likewise, many other acceptable meth- 
ods could be used for determining when reception qual- 
ity has worsened. In this preferred embodiment, aver- 
age signal quality (SQ) for a current time period is com- 
pared with average SQfora previous time period. Signal 
quality as used herein means a determination based up- 
on signal strength SS, noise detection ND, or both. 
Noise added to a signal may consist of multipath distor- 
tion or other noise such as intermodulation or adjacent 
channel noise. In the preferred embodiment, signal 
quality is measured in direct proportion to signal 
strength ss and in inverse proportion to noise detection 
ND. Signal quality can be determined by counting how 
many times signal strength SS and noise detection sig- 
nal ND cross their respective thresholds during a spec- 
ified time period. 

[0026] In step 55, a number of times, x, that SS and/ 
or ND are worse than their respective thresholds during 
a time block #1 is recorded. In step 56, a number of 
times, y, that SS and/or ND are worse than their respec- 
tive thresholds during a time block #2 is recorded. Time 
blocks #1 and #2 are of equal time (each on the order 
of at least several seconds) and are consecutive. The 
values of x and y are indicators of signal quality SQ 
wherein the lower the value of x or y, the higher the sig- 
nal quality. A check is made in step 57 to determine 
whether the count of threshold crossings has increased 
by 10 percent (i.e., whether x > 110% of y). If so, then 
the signal quality has unacceptably worsened and a 
search for a new broadcast frequency can be initiated. 
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Otherwise, a determination is made that reception qual- 
ity has not worsened and is stilt acceptable. It may also 
be desirable to compare running averages of SS and 
ND with their respective thresholds to also detect unac- 
ceptable or worsened conditions. 
[0027] In a typical vehicle installation, although tuners 
10 and 12 have substantially identical electrical charac- 
teristics, antennas 1 4 and 1 5 will not have identical elec- 
trical properties for a variety of reasons. Aesthetic and 
styling requirements dictate the kind of antennas used 
and where they are placed on the vehicle. Commonly 
used types of antennas include a whip antenna mounted 
on a vehicle panel or roof, and an on-glass antenna. 
Since the antennas will most often differ in gain and ra- 
diation patterns, the signal strength received by the tun- 
ers will vary from each other even when multipath or oth- 
er noise is not present. Although it may be possible to 
designate one tuner as a main tuner and the other as a 
subsidiary tuner, it may not be possible to know in ad- 
vance which tuner input is likely to be connected to the 
better antenna. Thus, a further method is provided for 
selecting which tuner to use as the RDS tuner and which 
to use as the audio program reception tuner when en- 
tering non-diversity mode as shown in Figure 6. In gen- 
eral, under strong signal conditions, it may be desirable 
to use the strongest signal to perform RDS data gather- 
ing since the audio signal from the other tuner is then of 
good quality. However, whenever medium or weak sig- 
nal conditions are present, it is generally desirable to 
use the stronger signal for audio reproduction and use 
the weaker signal for RDS data gathering. Thus, a check 
is made in step 60 to determine whether signal strength 
signals SS1 and SS1 are each greater than a threshold 
T, . If both are greater than the threshold then a strong 
signal is detected in step 61 and the RDS tuner is se- 
lected as the one with the bigger signal strength signal. 
Otherwise, a weak signal is detected in step 62 and the 
RDS tuner is selected as the one with the smaller signal 
strength signal. Non-diversity mode is entered in step 
63 wherein the selected RDS tuner is scanned tuned 
while the other tuner is tuned to the desired frequency 
for the selected program. 

[0028] Yet another advanced feature of the present 
invention relates to making a completely smooth, inau- 
dible transition when switching between alternate fre- 
quencies. In prior art receivers, an audible click or tran- 
sient can often be heard during retuning to the new fre- 
quency. In the present invention, the forcing circuit can 
be modified to provide ramping signals for controlling 
the gain control signals to smoothly transition reproduc- 
tion from one tuner to the other. Before performing such 
a transition, however, the receiver needs to verify that 
the content at each frequency is the same. Thus, even 
though the program information (PI) RDS code may in- 
dicate that the two frequencies have the same program 
audio, there are instances where the program audio 
may in fact be different. Furthermore, in some instances 
under weak signal conditions, the RDS decoder may 



have difficulty obtaining the PI code or may take an un- 
acceptably long period of time to obtain the PI code. 
Thus, audio correlator 27 in Figure 1 is used to verify 
identical program audio. Audio correlator 27 is a known 
s circuit for indicating whether or not the two multiplex sig- 
nals have their inputs correlated. 
[0029] As shown in Figure 7, a check is made in step 
65 to determine whether the audio signals are correlat- 
ed. If the signals are not correiated, then the transition- 
10 ing between alternate frequencies is skipped. Other- 
wise, the receiver enters non-diversity mode in step 66. 
In step 67, the selected RDS tuner is retuned to the new 
frequency. Then, the amplifier gains are ramped in step 
68 such that audio reproduction transitions from the oth- 
i$ er tuner to the selected RDS tuner. In step 69, the other 
tuner is retuned to the new frequency and the receiver 
enters diversity mode in step 70. 

Claims 

1. A radio receiver for a mobile vehicle wherein said 
receiver is capable of receiving sub-carrier data 
from broadcasts containing said data, and wherein 
said receiver operates in either a diversity mode or 
a non-diversity mode, said receiver comprising: 

a first tuner (10) producing a first tuner output 
signal in response to a broadcast signal at a 
first selected broadcast frequency; 
a second tuner (12) producing a second tuner 
output signal in response to a broadcast signal 
at a second selected broadcast frequency; 
a signal mixer (17,20,21,22,23) producing a 
mixed tuner output signal in response to said 
first and second tuner output signals, said sig- 
nal mixer proportionally combining said first 
and second tuner output signals when in said 
diversity mode according to relative measures 
of signal quality, and said signal mixer isolating 
a selected one of said first and second tuner 
output signals from said mixed tuner output 
when in said non-diversity mode; 
a data demodulator (26) responsive to either 
said first or second tuner output signal or said 
mixed tuner output signal to recover said sub- 
carrier data; and 

a control (16) coupled to said first and second 
tuners (10,12), said signal mixer 
(17,20,21,22,23) and said data demodulator 
(26), said control (16) selecting said diversity 
mode or said non-diversity mode in response 
to said signal quality, said control controlling 
said first and second selected broadcast fre- 
quencies such that 1) said first and second se- 
lected broadcast frequencies each provide a 
user selected program when in said diversity 
mode, or 2) said selected one of said first and 
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second tuner output signals is searched for pre* 
. determined alternate frequency information ac- 
cording to said sub-carrier data and the other 
one of said first and second tuner output signals 
provides said user selected program when in 
said non-diversity mode. 

2. A radio receiver as claimed in claim 1 , wherein said 
control (16) includes a quality detector determining 
said signal quality in response to received signal 
strength and distortion. 

3. A radio receiver as claimed in claim 2, wherein said 
distortion is comprised of multipath distortion. 

4. A radio receiver as claimed in claim 2, wherein said 
distortion is comprised of noise. 

5. A radio receiver as claimed in claim 1 , .wherein said 
first and second tuners (10,12) each includes its 
own respective external antenna connection. 

6. A radio receiver as claimed in claim 1 , wherein said 
first and second tuners (1 0, 1 2) provide first and sec- 
ond signal strength signals, respectively, wherein 
said control (16) includes threshold means for com- 
paring at least one of said signal strength signals 
with a threshold, wherein said selected one of said 
first and second tuner output signals is the one hav- 
ing a greater signal strength signal when said com- 
parison indicates a signal strength above said 
threshold, and wherein said selected one of said 
first and second tuner output signals is the one hav- 
ing a lesser signal strength signal when said com- 
parison indicates a signal strength below said 
threshold. 

7. A radio receiver as claimed in claim 1 , wherein said 
first and second selected broadcast frequencies are 
the same during said diversity mode. 

8. A radio receiver as claimed in claim 7, wherein said 
control (16) transitions said receiver from an original 
broadcast frequency to a new broadcast frequency 
containing the same user selected program by 1) 
entering said non-diversity mode, 2) retuning said 
selected one of said first and second tuner output 
signals to said new broadcast frequency, 3) ramping 
said mixed tuner output signal from said other one 
of said first and second tuner output signals to said 
selected one of said first and second tuner output 
signals, 4) retuning said other one of said first and 
second tuner output signals to said new broadcast 
frequency, and 5) entering said diversity mode. 

9. A radio receiver as claimed in claim 8, further com- 
prising an audio correlator comparing said first and 
second tuner output signals and producing an indi- 



cating signal when said first and second tuner out- 
put signals are verified to contain said same user 
selected program, wherein said control transitions 
to said new broadcast frequency only if said indicat- 
s ing signal is present. 

10. A method of mobile radio reception in a mobile re- 
ceiver capable of receiving sub-carrier data from 
broadcasts containing said data, and wherein said 
io receiver operates in either a diversity mode or a 
non-diversity mode, said method comprising the 
steps of: 

producing a first tuner output signal from a first 

'5 tuner in response to a broadcast signal at a first 

selected broadcast frequency; 
producing a second tuner output signal from a 
second tuner in response to a broadcast signal 
at a second selected broadcast frequency; 

20 combining said first and second tuner output 

signals to produce a mixed tuner output signal, 
wherein said first and second tuner output sig/ 
nals are proportionally combined when in said 
diversity mode according to relative measures 

2$ of signal quality, and wherein a selected one of 

said first and second tuner output signals is iso- 
lated from said mixed tuner output signal when 
in said non-diversity mode; 
recovering said sub-carrier data in response to 

30 either said first and second tuner output signals 

of said mixed tuner output signal to recover said 
sub-carrier data; 

selecting said diversity mode or said non-diver- 
sity mode in response to said signal quality; and 

3S setting said first and second selected broadcast 

frequencies such that 1 ) said first and second 
selected broadcast frequencies each provide a 
same user selected program when in said di- 
versity mode, or 2) said selected one of said 

40 first and second tuner output signals is 

searched for predetermined alternate frequen- 
cy information according to said sub-carrier da- 
ta and the other one of said first and second 
tuner output signals provides said user select- 

4S ed program when in said non-diversity mode. 



so 



55 



6 



EP 0 967 746 A2 



FM 

MPX1 



20 



19 
J— 



Tuner 1 




Tur 


ier 2 



/7 



Li 



Mix 
Control 
Circuit 



23 



Forcing 
Circuit 



Go 



ND2 



SS2 



N01 



_S£1 



FM 

MPX2 



v- 



22 




24 

L 



FM 

MPXMIX 



Stereo 
Decoder 



18 



Switching and 
Conditioning 
Circuit 



T 

Left Right 



CONTROL 



FIG. 1 



/ 



uC 



27 

I 



11 



Audio 
Correlator 



2S 



Switching 
Circuit 



26 
/ 



ROS 
Demodulator 



RDS DATA 



7 



EP 0 967 746 A2 



10- 



RADIO TURNED 
ON OR RETUNEO 
TO NEW 
FREQUENCY 




32 



33, 



±_L 



ENTER 
NON-DIVERSITY 
MODE 



GATHER RDS 
AND SIGNAL 
QUALITY AF 
DATA 



SWITCH TO 
BEST AF 



GATHER 
ADDITIONAL 
RDS DATA 



ENTER 
DIVERSITY 
MODE 



•SS 
-ND 





FROM 17 



>1 




'MAX 



'MIN 



23 
1 



45 



FROM/6 
■* — 



I TO 20 TO 22 
G' 2 

FIG. 3 



5S 

/ 



RECORD NUMBER OF 
TIMES X DURING TIME 
BLOCK # J THAT SS OR 
ND ARE WORSE THAN 
THEIR RESPECTIVE 
THRESHOLDS 



56 



RECORD NUMBER OF 
TIMES Y OURING A 
SUBSEQUENT TIME 
BLOCK ft 2 THAT SS OR 
ND ARE WORSE THAN 
THEIR RESPECTIVE 
THRESHOLDS 




T t 

NOT WORSE WORSE 



FIG. 5 



8 



EP 0 967 746 A2 





ENTER 
NON-DIVERSITY 
MODE 



NOMULTIPATH MULTIPATH 
PRESENT 



67. 



FIG. 4 



RETUNE SELECTED 

RDS TUNER TO 
NEW FREQUENCY 



CO 



SS1ANDSS2 



N 



\EACH > T| ?X 












Ty / 




> / 


STRONG SIGNAL 




WEAK SIGNAL 


SELECT RDS TUNER 




SELECT RDS TUNER 


AS ONE WITH 




AS ONE WITH 


BIGGER SS 




SMALLER SS 



RAMP AMPLIFIER 
VjGAINS FROM OTHER 
TUNER TO RDS 
TUNER 



69 



RETUNE OTHER 
TUNER TO NEW 
FREQUENCY 



SCAN SELECTED RDS 

TUNER AND TUNE 
DESIRED FREQUENCY] 
WITH OTHER TUNER 



6J 




FIG. 7 



SKIP 



FIG. 6 



9 



(11) EP 0 967 746 A3 



(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) Int Ct 7; H04H 1/00, H04B 7/08 

21.05.2003 Bulletin 2003/21 

(43) Date of publication A2: 

29.12.1999 Bulletin 1999/52 

(21) Application number 99304263.9 



(22) Date of filing: 01 .06.1999 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


♦ McCall, David John 


MC NL PT SE 


Brentwood, Essex CM15 9NZ (GB) 


Designated Extension States: 


• Cvetkovic, Milan 


AL LT LV MK RO SI 


Rochester, Kent, ME2 2PL (GB) 




• Page, Martin Gerard 


(30) Priority: 23.06.1998 US 102587 


South Woodham Ferrers, Essex CM3 7AH (GB) 


(71) Applicant: Ford Motor Company 


(74) Representative: Mess u lam, Alec Moses et al 


Dearborn, Ml 48126 (US) 


A. Messulam & Co. Ltd., 




43-45 High Road 




Bushey Heath, Herts WD23 1EE (GB) 



(54) Diversity radio receiver system with two tuners and a Radio Data System (RDS) decoder 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



CO 
< 
CO 

CO 
O) 

o 

CL 
111 



(57) An RDS receiver having dual tuners (10,12) 
and dual antennas operates in two distinct modes, a di- 
versity mode and a non-diversity mode. Diversity mode 
is when both tuners (10,12) are tuned to a signal with 
the same program audio content and the audio from 
both tuners (10,12) is blended together in a manner to 
minimise the effects of muitipath distortion. In non-diver- 
sity mode, a forcing circuit (23) isolates the tuner output 
signals so that one tuner provides the audio output while 
the other can be retuned to any other frequency for pur- 
poses of gathering RDS data. 



10 & r 

V <4 



FM 
MPX1 



19 



CONTROL 



Tuner? 



Contra* 



^_ Forcing 



N02 



NOT 



FM 

UPX2 



24 



FM 

MP* MIX 



TT 



IS 



PC 



FIG.1 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 967 746 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4263 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of retevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION 0ntCL6) 



US 5 345 602 A (WIEDEMANN KURT ET AL) 
6 September 1994 (1994-09-06) 

* column 2, line 24 - column 3, line 56; 
claim 1; figure * 

US 4 210 871 A (HILL EUGENE R ET AL) 
1 July 1980 (1980-07-01) 

* column 1, line 6 - column 2, line 28; 
claim 1; figure 9 * 

EP 0 767 554 A (BECKER GMBH) 
9 April 1997 (1997-04-09) 

* column 1, line 3 - column 3, line 21 * 

* column 5, line 4 - column 6, line 15; 
figure 1 * 

PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 213 (E-1538), 
15 April 1994 (1994-04-15) 
& JP 06 013943 A (KENWOOD CORP), 
21 January 1994 (1994-01-21) 

* abstract * 



The present search report has been drawn up for all claims 



1-10 



1-1G 



1-10 



H04H1/00 
H04B7/08 



1-10 



TECHNICAL FIELDS 
SEARCHED (tnlCLS) 



H04H 

H04B 



Place of aeanoh 



THE HAGUE 



Ddo c/t completion ol tha &ewch 

25 March 2003 



van Hoorick, J 



CATEGORY OF CITED DOCUMENTS 

X : particularly retavanl S taken alone 

Y : particularly relevant 9 combined wtth another 

document of the same category 
A : technological background 
O : non-written Disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E ; earlier potent document, but published on, or 

after the fifing date 
D : document cited in the application 
L : document cited for other reasons 

& : member ol the same patent family, corresponding 
document 



2 



EP 0 907 746 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 4263 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

25-93-2603 



Patent document 
cited in search report 


Publication 
date 


Patent famSy 
members) 


PltSI tif\f% 
9 UWiiVvUUl 1 

dais 


US 5345602 


A 


06-09-1994 


DE 


4129830 Al 


25-03-1993 








AT 


165199 T 


15-05-1998 








DE 


59269283 Dl 


20-05-1998 








EP 


0531725 A2 


17-03-1993 








ES 


2114897 T3 


16-06-1998 








JP 


3174166 B2 


11-06-2081 








JP 


5227046 A 


03-09-1993 








KR 


252366 Bl 


15-04-2060 


US 4210871 


A 


01-07-1980 


NONE 






EP 0767554 


A 


09-04-1997 


DE 


19533268 Al 


13-03-1997 








EP 


0767554 A2 


09-04-1997 


JP 06013943 


A 


21-01-1994 


NONE 







i For more details about this annex : see OfficialJournal of the European Patent Office, No. 12/82 



3 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. S 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
XA FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning these documents will not correct the image 

ST °^ ms T checked ' P ,ease do not report these problems to 
the IFW Image Problem Mailbox. 



